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1
SOFT GENERATOR

This application claims priority to PCT Application No.
PCT/EP2009/005889 filed Aug. 13, 2009, which claims pri-
ority to German Patent Application No. 10 2008 046 248.9
filed Sep. 8, 2008 and German Patent Application No. 10
2008 055 820.6 filed Nov. 4, 2008, the disclosures of which
are incorporated herein by reference in their entirety.

FIELD OF THE DISCLOSED EMBODIMENTS

The disclosed embodiments relate to a high-frequency sur-
gery generator for generating high efficiency outputs, having
a first stage for generating high-frequency power, said first
stage being coupled to a second stage, wherein the second
stage has an input (A, B) and an output (C, D), and wherein a
series resonant circuit is located between the input (A, B) and
the output (C, D) of the second circuit.

BACKGROUND

The constant development of high-frequency surgery in
recent years has led to procedures for contact coagulation
(tumor devitalization), to methods for (underwater) tissue
sections and for (underwater) tissue vaporization. High-fre-
quency generators which operate with high continuous out-
puts and very high pulse outputs and/or long activation times
are used to perform these procedures. At the same time,
however, requirements on the electromagnetic compatibility
(EMC) of the high-frequency generators used are increasing
because interference with other electromedical apparatus, for
patient monitoring or diagnosis for example, is becoming
increasingly unacceptable. As a result, the measures neces-
sary to ensure the inherent interference immunity of such
high-frequency generators, which nevertheless achieve the
high high-frequency outputs required, can only be imple-
mented with a significant amount of technical development
effort.

It is known from the prior art to use circuit arrangements
including series and/or parallel resonant circuits for the gen-
eration of high-frequency power which are fed by power
semiconductors in switched mode. For the output character-
istics of the high-frequency generators, alongside the proper-
ties of the power supply unit (including any closed-loop con-
trol systems), the crucial factors are primarily the design of
these resonant circuits and the manner in which they are fed,
which may also serve as a control variable for closed-loop
control circuits. At the same time, it is known that the resonant
frequency and the input resistance (and hence the transfor-
mation ratio of such resonant circuits) are essentially depen-
dent on the load resistance. In the circuit arrangements known
from the prior art for the implementation of high-frequency
generators with resonant circuits, this leads to the resonance
splitting at a specific frequency, depending on the operating
mode, since the series and parallel resonant circuits interact
with each other above a certain load resistance range. How-
ever, unfavorably high power supply unit currents would be
needed, among other things, in order to still achieve the high
power output required. On one hand this has an adverse effect
on the high-frequency generator’s efficiency and on the other
it leads to operation of the high-frequency generator with
non-sinusoidal input current as a result of which the EMC
characteristics of the high-frequency generator also deterio-
rate.

FIG. 4a and FIG. 5a illustrate circuit diagrams of different
resonant circuits known from the prior art, such as are used for
generating high-frequency power outputs. In these cases, it is
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2

possible to integrate a (leakage) transformer using the struc-
ture L, L, for an additional impedance transformation which
is independent of the load resistance.

FIG. 4b, ¢ and FIG. 55, c illustrate the curves of the reso-
nant frequency f, the filter input resistance RE and the maxi-
mum output P, . and output voltage U, . associated with
each circuit diagram as a function of the load resistance RL.
Both of the latter additionally depend on the type of supply.

In this case, a supply with a square-wave voltage of the
corresponding resonant frequency and a power supply unit
with a maximum output voltage U, and a maximum output
current I, is assumed. Under these conditions, the optimum
load resistance R, ,,=U,/I, transforms into the optimum filter
input resistance RE, =8/pi"2*R .

The power supply unit operates in the current limiting for
RE<RE, ,and in the voltage limiting for RE>RE .. In accor-
dance with the properties of ideal resonance circuits, reso-
nance points at which the filter behaves like a series resonant
circuit (SRC) or parallel resonant circuit (PRC) are described
as series resonances (SR) or parallel resonances (PR). FIG.
4b, ¢ and FIG. 55, c illustrate series resonances by means of a
broken line and parallel resonances by means of a continuous
line.

In addition, FIGS. 45 and 554 each illustrate all the reso-
nance points possible for the filter, but only the operating
frequencies actually occurring with the type of frequency
feedback chosen in each case are represented by means of a
continuous line. In FIGS. 4¢ and 5¢, the filter input resistance
RE is represented only for these frequencies by means of a
continuous line, the maximum output P, . by means of a
broken line and the maximum peak output voltage U,,,,,, by
means of a dot-dash line.

The loaded qualities of the individual resonance circuits
Q1=1/RL*sqrt(L1/C1), Q2=1/RL*sqrt(L.2/C2) and
Qp=RL*sqrt(Cp/Lp) are helpful for characterizing the curve
shapes.

Branching of the resonant curves takes place at load resis-
tance R, which emerges in FIG. 45 from Qp=Q2 and in FIG.
56 from Qp=Q1+Q2. As illustrated here, branching then takes
place at precisely the point when the resonant frequencies of
the individual resonant circuits coincide.

FIG. 4a shows a resonant circuit known from the prior art
for generating outputs having a parallel resonant circuit
(PRC)atinput A, B comprising a capacitor C, and an inductor
L,, a series resonant circuit having an inductor L, and capaci-
tor C, and a load R,, at output C, D. In conjunction with the
voltage supply usually used, this arrangement is unsuitable
for fulfilling the requirements for high high-frequency output
and a good level of efficiency because a highly non-sinusoidal
input current appears in the process. Although a current sup-
ply would remedy matters appropriately, supplying by using
a power source is, however, comparatively complex.

It is apparent from FIG. 44 that the resonant frequency for
small load resistances splits because the parallel resonant
circuit PRC and the output series resonant circuit SRC inter-
act. As a result, the resonant frequency increases as the load
resistance decreases.

FIG. 5a shows a resonant circuit known from the prior art
for generating outputs having a series resonant circuit SRC at
input A, B comprising an inductor L., and a capacitor C,, a
parallel resonant circuit PRC having a capacitor C, and an
inductor L, a series resonant circuit SRC having an inductor
L, and a capacitor C, and a load R;, at output C, D.

Although this circuit configuration is suitable for a voltage
supply, it has the drawback that the series resonance splits for
large load resistances and shifts severely as a result as is
apparent from FIG. 55 since the input SRC and PRC interact
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with each other and at the same time the associated input
resistances assume such small values that unfavorably large
power supply currents would be necessary in order to achieve
the desired output. It is necessary to switch over to parallel
resonance to prevent this. However, this leads to an operating
mode with non-sinusoidal input current which would have a
negative impact on the EMC characteristics of the arrange-
ment:

As explained above, the measures known from the prior art
for minimizing the drawbacks referred to have therefore con-
sisted so far in providing the circuit arrangement of an high-
frequency generator with either a current or a voltage supply
depending on the application. However, the circuit engineer-
ing required to implement this solution is frequently complex.

SUMMARY

The object of the disclosed embodiments is thus to develop
a high-frequency generator for the generation of outputs in
such a manner that the problems and drawbacks known from
the prior art and discussed above can be minimized and in
particular that a high efficiency high-frequency output can be
achieved at the same time in the widest load resistance range
possible with good EMC characteristics.

This object is achieved by a high-frequency generator hav-
ing an inductor (L,) switched parallel to the input (A, B) and
a capacitor (C,) switched parallel to the output (C, D) so that
the high-frequency generator can be operated in resonance
over a wide load resistance range.

In the disclosed embodiments, the parallel inductor at the
input prevents the effect of a parallel resonant circuit (PRC)
otherwise normally used in its place and therefore prevents
splitting of the resonances at a specific operating frequency.
Further, the capacitor that is switched parallel to the output
guarantees a series resonance even over a wide load resistance
range.

In a particular implementation of the high-frequency gen-
erator, it is envisaged that the output capacitor C, has a capaci-
tance that is high in amount compared to the capacitance of a
capacitor C, of the series resonant circuit. This dimensioning
makes it possible for the generator frequency to have only a
low dependence on the load resistance. There is also no occur-
rence of any particularly significant dependence of the high-
frequency generator characteristics under varying capacitive
load due to the absolute size of the output capacitor C, com-
pared to capacitive loads arising in practice, such as are
brought about, for example, by output leads or endoscopes.

In a further embodiment of the high-frequency generator, it
is envisaged that the first stage generates a square-wave volt-
age, the phase position of which is synchronized with an input
current flowing into the input (A, B) of the second stage. This
ensures that the high-frequency generator can be operated in
resonance in the chosen load resistance range and that zero
voltage and zero current switching (ZVS and ZCS) of the
power semiconductors is guaranteed by means of minimum
inductive detuning. In this case, phase synchronization may
be implemented simply using a PLL circuit.

The high-frequency generator according to the disclosed
embodiments may have a voltage regulator for monitoring an
output voltage U, at the output (C, D) of the second stage.
This is because the maximum output voltage, particularly for
large load resistances, rises steeply and this must be prevented
by means of an appropriate circuit arrangement. One, but not
limited to one, possibility is to reduce the power supply volt-
age accordingly. The voltage regulator may therefore be used
to regulate a power supply unit which supplies the first stage.
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In another embodiment, it is envisaged that an overvoltage
protector, such as for example a varistor, is inserted between
the point of attachment of L., and C, and of the patient mass (D
or B). Inthis manner, itis ensured that, in the event of a sudden
drop in load, the output voltage U, is limited to uncritical
values until a corrective controller action becomes effective
to protect against overvoltage.

In another embodiment, a surgical system with a high-
frequency surgery generator having a surgical instrument for
the treatment of tissue that represents a load (R;) with a
capacitive component, said load being present at an output (C,
D) of the second stage. At the same time, the capacitance of
the output capacitor (C,) is high in amount compared to the
capacitive component of the load (R;). Such dimensioning
ensures that the surgical system with the high-frequency sur-
gery generator can be operated in resonance over a wide load
resistance range. In addition, a reduction is achieved in the
dependence of the generator characteristics under varying
capacitive load.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed embodiments will be described in greater
detail, pointing out further features and advantages, by refer-
ence to the example embodiments illustrated in the drawings

FIGS. 1a-1¢ illustrate a circuit diagram of a resonant cir-
cuit for generating high-frequency power and the associated
curves of various output variables in accordance with the
disclosed embodiments.

FIG. 2 illustrates a detailed circuit of an example embodi-
ment.

FIGS. 3a-3b illustrate a resonant frequency curve and the
output characteristic of the high-frequency generator accord-
ing to the embodiment of FIG. 2.

FIGS. 4a-4¢ illustrate a circuit diagram of a resonant cir-
cuit for generating high-frequency output having an input
parallel resonant circuit and the associated curves of various
output variables, known from the prior art.

FIGS. 5a-5¢ illustrate a circuit diagram of a resonant cir-
cuit for generating high-frequency output having an input
series resonant circuit and the associated curves of various
output variables, known from the prior art.

DETAILED DESCRIPTION

In the following description, the same reference numbers
are used for the same and similarly acting parts.

FIG. 1a illustrates a resonant circuit according to a dis-
closed embodiment having an inductor L, parallel to input A,
B, a series resonant circuit SRC having an inductor L, and
capacitor C, and a capacitor C, and a load R,, parallel to
output C, D.

The drawbacks of the circuit configurations described in
FIG. 4a and FIG. 5a (and others known from the prior art)
may be avoided using the circuit configuration according to
FIG. 1a by replacing the effect of a PRC with the parallel
inductor L, and therefore preventing splitting of the reso-
nances. Operation of the circuit in series resonance is also
guaranteed for large load resistances R, by the additional
insertion of capacitor C,. An input SRC is then no longer
absolutely necessary. In an existing transformer, series reso-
nant capacitor C, may be partially relocated and series reso-
nant inductor L, may even be relocated completely to its
primary side allowing for the transformation ratio. The circuit
configurations that arise due to relocation of series dummy
elements C, and L, to the primary side of a transformer do not
in principle exhibit any other characteristics and are to be
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considered as acting in an identical manner within the mean-
ing of the disclosed embodiments.

The circuit presented in FIG. 1a has a continuous series
resonance, the load characteristic of which can be kept low if
C,>>C, is selected. This embodiment of the resonant circuit
may, for example, be operated in resonance over the entire
load resistance range by means of a square-wave voltage
generated using a half or full bridge, the phase position of
which is synchronized with the filter input current. Zero volt-
age and zero current switching (ZVS and ZCS) of the power
semiconductors is guaranteed by means of minimum induc-
tive detuning. Phase synchronization may be implemented
simply using a PLL circuit.

Alternatively, resonant operation may also be guaranteed
with direct feedback of the current signal to the drive circuit.
An output signal with a very low level of distortion is gener-
ated by means of symmetrical, continuous control. This
allows the evaluation of harmonics as a measuring variable
for tissue characteristics and for ensuring high process qual-
ity.

In addition, it is possible, by means of suitable dimension-
ing, to achieve high outputs (particularly at small load resis-
tances) and therefore high output currents such as are
required, for example, for procedures in urology and for
bipolar coagulation of vessels. At the same time, it is possible
to implement a relatively large filter input resistance for the
entire relevant load resistance range, particularly for the
upper range. As a result there is no need for any particularly
high power supply unit currents. This is an essential require-
ment for high efficiency.

Favorable EMC behavior of the high-frequency generator
can be guaranteed as a result since zero voltage and zero
current switching (ZCS and ZVS mode) of the power semi-
conductors is possible and a sinusoidal input current appears
over the entire operating range.

FIG. 2 shows an example embodiment for a high-fre-
quency generator. The high-frequency generator 1 shown in
FIG. 1 includes a power supply unit 7 and a first stage 2 which
is coupled to a second stage 3. In the example embodiment
illustrated, first stage 2 has a driver stage 9 which is config-
ured as a full bridge and generates a square-wave voltage and
a PLL circuit 11 for phase synchronization of the square-
wave voltage generated by the driver stage with an input
current [,. Second stage 3 has an input A, B and an output C,
D and a series resonant circuit 4 having an inductor L, (200
pH) and a capacitor C, (1 nF) is located between the input A,
B and the output C, D of the second stage 3. An inductor L,
(196 pH) is situated parallel to output C, D, a capacitor C, (4
nF) is arranged parallel to output C, D and a load R; is
switched parallel to output C, D. An overvoltage protector 8
having an overvoltage protection for voltages up to 1 kV
(which may, for example, be configured as a varistor) is
located between the point of connection of L, and C, and
output D.

Output voltage U , at output C, D is monitored via a voltage
regulator 6. In the event of a sudden drop in load, overvoltage
protector 8 first limits output voltage U, to uncritical values
until a corrective controller action becomes effective. The
illustrated embodiment envisages that voltage regulator 6
regulates power supply unit 7, which supplies first stage 2, via
fed back output voltage U ,.

FIG. 3a and FIG. 35 show the resonant frequency curve and
the output characteristic of the high-frequency generator
illustrated in FIG. 2. FIG. 35 shows an expanded diagram of
the lower load resistance range shown in FIG. 3a. The param-
eters of the power supply unit used as the basis for the output
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characteristic are U,=300V and [,=4 A. The optimum filter
input resistance for max. output results in: RE,, ,=60.8 €2.

The generator frequency is only dependent on the load
resistance to a small extent since the capacitor C,, at output C,
D is chosen to be large compared to the capacitor C, of the
series resonant circuit. No significant dependence of the gen-
erator characteristics occurs under varying capacitive load
since the capacitor C,, is chosen to be large compared to
capacitive loads arising in practice (due to output leads or
endoscopes). This is favorable for the design of'a PLL circuit
and simplifies measurement and evaluation of the output sig-
nals. A tolerance pattern for the output, such as is the aim for
a generator for bipolar transurethral resection (TUR), is plot-
ted using a broken line in FIG. 3a. One can see that the
tolerance pattern is fulfilled in the expanded diagram of the
lower load resistance range of FIG. 34.

It should be noted at this point that all the aforementioned
parts are claimed as essential to the invention both alone and
in any combination, particularly the details shown in the
drawings. Amendments thereof are the common practice of
persons skilled in the art.

The invention claimed is:

1. A high-frequency surgical generator for generating high
efficiency outputs, the high-frequency surgical generator
comprising:

a first stage circuit for generating high-frequency power;

and

a second stage circuit coupled to said first stage circuit,

wherein the second stage circuit comprises:

an input and an output;

a series resonant circuit located between the input and

the output;

an inductor switched parallel to the input; and

an output capacitor switched parallel to the output,
wherein the configuration of the second stage circuit allows

the high-frequency surgical generator to be operated in

resonance over a wide load resistance range, and
wherein the output capacitor has a capacitance that is

higher than a capacitance of a capacitor of the series

resonant circuit.

2. The high-frequency surgical generator according to
claim 1, wherein the first stage circuit generates a square-
wave voltage, the phase position of which is synchronized
with an input current flowing into the input of the second
stage circuit.

3. The high-frequency surgical generator according to
claim 1, further comprising a voltage regulator for monitoring
an output voltage at the output of the second stage circuit.

4. The high-frequency surgical generator according to
claim 3, wherein the voltage regulator is configured to regu-
late a power supply unit which supplies the first stage circuit.

5. The high-frequency surgical generator according to
claim 1, wherein the second stage circuit further comprises an
overvoltage protector so that an output voltage of the second
stage is limited in the event of a sudden drop in load, thereby
protecting against overvoltage.

6. The high-frequency surgical generator according to
claim 5, wherein the overvoltage protector is a varistor.

7. A surgical system comprising:

the high-frequency surgical generator according to claim

1; and

a surgical instrument for the treatment of tissue,

wherein the tissue represents a load with a capacitive com-

ponent,

wherein said load is adapted to be present at the output of

the second stage circuit, and
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wherein the capacitance of the output capacitor is higher
than the capacitive component of the load.

#* #* #* #* #*



